Carbon nanotube based gas sensors can be used to detect harmful environmental pollutants such as NO 2 at room temperature. Whilst showing promise as low powered, sensitive and affordable monitoring devices, cross-sensitivity of functionalised carbon nanotubes to water vapour often obscures the detection of target molecules. This is a barrier to adoption for monitoring of airborne pollutants due to the varying humidity levels found in real world environments. Zeolites, also known as molecular sieves due to their selective adsorption properties, are used in this work to control the crosssensitivity of single-walled carbon nanotube (SWCNT) based sensors to water vapour.
Introduction
The electrical conductance of a single-walled carbon nanotube (SWCNT) network is sensitive to the adsorption of a wide range of gases and vapours.
1,2 As such, they have been previously used as the active sensing element in chemical sensors, demonstrating a change in network conductivity upon the introduction of a chosen molecule.
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SWCNT based sensors are low cost and operate at room temperature, 1 permitting the design of low powered and highly portable devices. 7, 8 They may be particularly suited to applications in environmental monitoring, due to their high sensitivity to nitrogen dioxide (NO 2 ) gas at parts per billion (ppb) concentrations in air. 9, 10 Long term exposure to NO 2 has contributed to respiratory disease rates in urban populations. Therefore, affordable monitoring of such pollutants is required to move towards a cleaner, healthier city environment.
Whilst showing promise, carbon nanotube based sensors display a number of undesirable characteristics. 11 One particular barrier to the development of practical devices is the crosssensitivity of functionalised carbon nanotube sensors to H 2 O. 9, 12, 13 To increase selectivity towards a certain molecule and aid device fabrication, SWCNT samples are often covalently 6,14 or non-covalently 4, [15] [16] [17] functionalised. After such treatments, a SWCNT based device may display a sizable decrease in conduction upon exposure to H 2 O vapour. [18] [19] [20] [21] This decrease is much larger than the typical increase in SWCNT network conductance observed when a sensor is exposed to low concentrations of NO 2 gas. Therefore, any variation in the relative humidity of the operating environment can mask and obscure the sensing response (S) of a SWCNT sensor to NO 2 , where S is defined as the ratio of device conductance upon gas exposure (G Gas ) to its baseline conductance in air (G Air ), so that:
and ∆G = G Gas − G Air (2) where ∆G is the change in conductance induced by exposure to a target gas.
Highly porous metal-organic frameworks (MOFs) and zeolites have been utilised as chemical sensors. 22, 23 Mesoporous silica thin films have been used to increase the selectivity of SWCNTs towards NO 2 and exclude polar molecules. 24 In the current study, hydrophilic HZeolite-Y or less hydrophilic Silicalite-1 was incorporated into the sensing layer to control the problematic cross-sensitivity of surfactant wrapped thick film SWCNT sensors to H 2 O vapour. Using this approach, the room temperature NO 2 sensing properties of SWCNTs were preserved whilst investigating the effect of zeolite hydrophilicity on sensor responses in humid conditions.
Zeolites are porous alumino-silicate frameworks that demonstrate size and shape selective adsorbance of certain molecules. 25 As zeolites display ionic conductivity (and are usually electrically insulating materials), they have previously been used for impedance based gas sensing, 23 as well as to improve selectivity in a combinatorial approach using metal oxide semiconducting (MOS) gas sensors. In this paper, the zeolites are either deposited over the SWCNT network as a top layer, or SWCNTs are deposited over the zeolite to form a percolating network in a mixed layer.
The ordering of the sensing layer is found to greatly affect the sensor response observed to NO 2 in both dry air and humid conditions, with the mixed layer arrangement providing a larger response magnitude.
Experimental Section

Non-covalent Functionalisation of HiPco SWCNTs
SWCNTs produced via the high pressure carbon monoxide disproportionation (HiPco) process 29 (purchased from from Nanointegris, batch number: R1-831) were dried in air at 120 • C to remove moisture from the bundles and stored under vacuum. The black powder was added to a solution of deuterated water (D 2 O) and sodium deoxycholate (DOC, 2 wt% ) at a concentration of approximately 0.5 mg ml −1 . DOC is a surfactant molecule that forms micelle like structures around the nanotubes. 30 To aid efficient solubilisation via surfactant wrapping, the solution was sonicated using a 225 W tip sonication probe for 15 minutes, with the container placed in an ice bath for cooling.
The well dispersed solution was centrifuged at 4000g for 30 minutes and the upper 80% of the supernatant was decanted to limit the presence of carbonaceous impurities in the final dispersion.
Zeolites
Hydrophilic H-Zeolite-Y was obtained from Zeolyst international (product code: CBV600).
Less hydrophilic Silicalite-1 was synthesised in house using the method described by Guth et al. 31 Both zeolites were then dispersed in ethanol using a magnetic stirrer bar at a con-centration of 0.2 g ml −1 .
Device Fabrication
A 3 x 3 mm alumina tile with patterned gold electrodes of 175 µm separation (as shown in Figure 1a) For each type of top layer sensor, the aforementioned procedure was followed by an additional 1 µL deposition of the dispersed zeolite on top of the SWCNT network, with an extra drying step ( Figure 1a ). The mixed layer configuration was achieved by depositing the insulating zeolite over the gold electrodes in the same manner as before, drying and depositing 1 µL of the initial HiPco SWCNT solution over the zeolite to form a percolating mixed layer from which an electrical measurement could be made (Figure 1b) .
The sensors were then dried in air in a furnace at 100
• C for 1 hour. Four of each sensor type (shown in Table 1 ) were selected from each batch and attached to sensor casings via micro welded platinum wire connections to the gold connector pads.
Characterisation
A Jeol JSM-6700F field emission scanning electron microscope was used in secondary electron imaging mode to image the zeolite top layers and HiPco zeolite mixed layers using a 5
kV probe voltage at a working distance of 5.9 mm. Samples were gold coated for imaging.
Energy-dispersive X-ray spectroscopy (EDS) analysis was carried out using a Jeol JSM-6700F and a secondary electron image on a Hitachi S-3400N field emission instrument (15 kV) at a 15 mm working distance, with elemental weight % calculated using the Oxford Instruments INCA software package. Sensors were also gold coated whilst performing EDS measurements.
A Renshaw inVia Raman microscope with laser wavelength 514.5 nm and 1 mW power was used to perform Raman spectroscopy on the surfactant wrapped HiPco DOC solution (deposited on a 3 x 3 alumina substrate before and after heating to 100
• C in air).
Attenuated total reflectance -Fourier transform infrared (ATR -FTIR) spectroscopy was performed using a Brucker ALPHA FTIR spectrometer with a diamond crystal and an ATR attachment. Each spectrum was obtained by averaging 64 scans at a resolution of 4 cm
and measurements were repeated 5 times per sample. To obtain a spectrum after exposure to dry air, 50 ppm NO 2 or 50 ppm NO 2 at 50 % RH, 10 mg of sample was placed into the sensor testing chamber with a flow rate of 1 L min −1 for 30 minutes. The sample was then removed from the chamber and the ATR -FTIR spectrum was obtained immediately. A new, identical sample was used for each exposure cycle.
Gas Testing Procedure
Sensors were placed in ports within a circular testing chamber. The synthetic air flow rate, chamber humidity and gas mixing was controlled using digital mass flow controllers, being delivered at a determined concentration through a central inlet. The circular arrangement of the devices, along with the extraction of gas behind each individual port location, ensures that each sensor is exposed to an equal flow and concentration of gas. A potentiostat setup was used to derive the room temperature sensor conductance throughout the testing run.
Prior to the experiments, dry synthetic air was passed over the sensors for 2 hours to obtain a baseline conductance (G Air ) and achieve 0 % relative chamber humidity (confirmed using an internal humidity meter). For repeated testing runs, the relative humidity in the chamber was maintained at 50 % RH for 1 hour to increase the desorption rate of NO 2 from previous experiments before re-establishing baseline and 0 % RH in dry air for 2 hours.
To first establish the characteristics of the SWCNT sensors and their zeolite modified counterparts, procedure one was used to determine qualitatively the response curves to be expected upon introduction of NO 2 , water vapour and a combination of both to the sensor surface (exposure time 200 seconds per pulse). In procedure two, the magnitude and direction of the conductance change due to varying chamber humidity from 0 % to 75 % was quantitatively investigated for each sensor type. Finally, procedure three was used to study the variation in sensor responses to NO 2 in both dry and wet air, as well as to compare sensing results across different fabrication batches. Table S1 , S2 and S3 in the supporting information show the complete protocols for testing procedure one, two and three respectively.
Results and Discussion
Material Characterisation
Scanning electron microscopy was used to study the morphology of the zeolite top layers and confirm the presence of SWCNT bundles on the surface of the zeolite mixed layer type sensors. In conjunction with SEM, energy dispersive X-ray spectroscopy (EDS) was used to confirm the silicon to aluminum ratio of the Silicalite-1 and H-Zeolite-Y layers investigated, along with the carbon content on the surface of each sensor type. The hydrophobicity of a zeolite depends on its silicon to aluminium framework ratio. 32 Hydrophobic zeolites, such as Silicalite-1, have a high silicon to aluminium framework ratio, whilst the silicon to aluminium ratio of hydrophilic H-Zeolite-Y is low.
As expected, no aluminum was present in the Silicalite-1 sample, where as the H-Zeolite-Y sample had a Si/Al ratio of 3.0 (calculated as the ratio of each elemental % weight), confirming the hydrophilicity of H-Zeolite-Y. No carbon was detected on the surface of the zeolite top layer type sensors, where as the Silicalite-1 and H-Zeolite-Y mixed layer type sensors contained 24% and 21% carbon respectively, corroborating SEM micrograph evidence of carbon nanotube bundles on the mixed layer type sensor surfaces.
Raman spectroscopy measurements provide an indication of residual amorphous carbon and defects in the SWCNT sample before and after heating at 100
• C. 33 The ratio of Raman 
Sensing Results
Many sensing mechanisms for SWCNT sensors have been proposed in the literature. With this in mind, sensing results here are described using a mechanism previously applied for sensors based on thick films of SWCNTs that have been functionalised, in conjunction with models describing the characteristics of zeolite layers in gas sensors and possible reactions taking place in the zeolite frameworks. • C, with radial breathing modes inset. G/D ratio before heating was 17.2 and 12.2 after heating, indicating an increase in the number of bundle defects after heat treatment. Laser wavelength λ = 514.5 nm.
NO 2 Sensing and H 2 O Interference Effects
Under ambient conditions, SWCNT networks exhibit p-type behaviour, due to electron withdrawal of O 2 molecules adsorbed on the tube surfaces. 44, 45 The change in conductance for SWCNT network sensors (and thus sensing response), can either be attributed to charge transfer between the target molecule or modulation of the Schottky barrier at semi-conducting nanotube -metallic contacts, depending on the density and metallicity of the SWCNT film. The NO 2 sensing magnitudes and direction of conductance changes are comparable to studies using both functionalised and non-functionalised SWCNT sensors. 1, 3, 10, 18, 46, 48 Adsorption at nanotube-nanotube junctions is thought to dominate responses in high density nanotube networks, with the degree of metallic SWCNT percolation impacting upon the sensing mechanism. 37,47 Therefore, charge transfer appropriately describes the NO 2 sensing mechanism for the dense, metallic SWCNT networks used in the current study.
Functional groups can also act as interaction sites for gas molecules 14 and it is possible that sensitivity to water vapour is increased after functionalisation of the nanotubes via surfactant wrapping. To investigate this possibility, comparisons were made with previously reported results.
The change in device conductance upon introduction of water vapour is also well documented and often attributed to charge transfer. 18, 19 However, responses in the current investigation are found to be larger than studies in which carbon nanotubes were not functionalised.
Furthermore, high sensitivity to H 2 O and other organic solvents has been observed with functionalised nanotube sensors in previous work, where high sensitivities to water vapour were related to hydrogen bonding or mechanical swelling of the film. 49, 50 Therefore, it is suggested that the sensitivity to water vapour observed for the SWCNT control sensors used here is due to interaction of water vapour with both the SWCNT bundles and the functionalising agent. Figure 4 : A plot of the typical percentage change in conductance at room temperature (where ∆ G = G Gas − G Air ) upon exposure to various combinations of NO 2 and H 2 O for a blank SWCNT, a SWCNT sensor with a Silicalite-1 mixed layer and a SWCNT sensor with a H-Z-Y mixed layer. Region (a) displays the baseline conductance for each sensor type whilst operating in dry synthetic air, whilst in region (b) 10 ppm of NO 2 is additionally introduced to the testing chamber. Region (c) contains the desorption step in which the NO 2 pulse is turned off and H 2 O is turned on resulting in a relative humidity of 75 % inside the testing chamber, aiding NO 2 desorption from the sensor surface. In region (d) H 2 O is turned off to return the relative humidity of the chamber to 0 % and recover baseline conductance. Region (e) shows the response of each sensor type to 10 ppm of NO 2 whilst operating at 75 % chamber humidity. Finally, in region (f) the NO 2 is turned off and relative humidity set at 75 % for the desorption cycle.
Whilst this additional mechanism requires further investigation, results here and elsewhere indicate that competing processes take place upon adsorption of NO 2 and H 2 O, producing a convoluted response curve. When both NO 2 and H 2 O are introduced at step (e) so that the testing chamber humidity is increased from 0 % to 75 %, the detection of NO 2 is masked by H 2 O interference for the control SWCNT sensor. This unwanted by-product of functionalisation can be negated through incorporation of zeolites, as is now discussed.
Reducing Cross-Sensitivity to H 2 O
The complex behaviour of the zeolite modified SWCNT sensors can be explained by considering the combined effects of gas diffusion through the zeolite layers, as well as specific interactions between NO 2 , H 2 O and the chosen zeolite. Firstly, the results of the mixed layer sensor type are described as this configuration provided the most promising results in terms of H 2 O interference reduction. Silicalite-1, water adsorption is still thought to take place due to the presence of silanol defects. 51 This may explain the overall reduction in water interference despite the use of both a hydrophobic (Silicalite-1) and hydrophilic (H-Zeolite-Y) zeolite type. In a similar way, Battie et al found that silanol groups permitted the use of mesoporous silica thin films to reduce the cross-sensitivity of SWCNT based devices to water. 24 Therefore, it is more appropriate to refer to the Silicalite-1 used here as being less hydrophilic than H-Zeolite-Y, rather than being hydrophobic. Figure 5 shows that the device conductance change in humid conditions is dependent on the zeolite loading. Use of a zeolite mixed layer reduces the decrease in conduction when compared to SWCNT control devices. Interestingly, at higher zeolite loadings a comparatively small conductance increase is observed. This may be due to the introduction of water-zeolite reaction products to the nanotube network.
Zeolite Mixed Layers
Detection of 10 ppm NO 2 at 75 % relative humidity with the zeolite mixed layer sensors is shown in Figure 4 step (e). Initially, the response magnitude was larger when testing in humid conditions, possibly due to a reaction between the zeolite adsorbed H 2 O and NO 2 .
This feature was found to vary between test cycles, potentially due to different levels of residual H 2 O present in the zeolite framework between tests. Therefore, after establishing that a zeolite mixed layer reduces H 2 O interference, procedure three was adopted (as out-lined in the Gas Testing Procedure section) to establish the extent to which responses were reproducible and quantitatively asses the apparent improvements. Figure 6 shows the collated responses for each sensor type to 10 ppm NO 2 in both synthetic dry air and wet air at 75 % relative humidity (using testing procedure 3). The responses of four identical sensors (one taken from each batch, see device fabrication section)
are averaged over six testing cycles to provide a mean response direction and magnitude per sensor type. SWCNTs found within a sample 34, 52 and thus in the network forming the sensing layer.
Zeolite mixed layer sensors maintain a repeatable overall increase in conductance for NO 2 in both dry and wet air. The increase for H-Zeolite-Y mixed layers is smaller for NO 2 in dry air (+24%) than in wet air (+30%). The average response to NO 2 for Silicalite-1 mixed layer sensors was also lower in dry air (+34%) than in wet (+40.9%), although overall responses were larger in magnitude using Silicalite-1. Here, the differences between the H-Zeolite-Y and Silicalite-1 mixed layer sensors may be due to their different silicon to aluminium ratios. Zeolite water content can dramatically influence the reaction products present inside the framework. 53 As H-Zeolite-Y has a higher affinity for H 2 O, it is possible that varying amounts of reaction products are produced that subsequently interact with the SWCNTs.
Attenuated total reflectance -Fourier transform infrared (ATR -FTIR) spectroscopy was used to infer possible reactions taking place in the zeolite framework upon adsorption of NO 2 .
Any products of reactions between NO 2 , H 2 O and the acidic sites within the framework can interact and contribute to a change in conductance of the sensing layer. Adsorption of NO 2 in the presence of water by Zeolite-Y type zeolites has been investigated previously using FTIR spectroscopy and was found to inhibit the formation of NO + species, whilst NO 3 − and NO 2 − are readily formed, as well as potential HNO x molecules.
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Figure 7: ATR -FTIR spectra for the (a) HiPco SWCNT H-Zeolite-Y sample (b) HiPco SWCNT Silicalite-1 sample when exposed to (1) dry air for 30 minutes (2) 50 ppm NO 2 in dry air for 30 minutes and (3) 50 ppm NO 2 in wet air for 30 minutes at 50 % RH, transferring the samples to the spectrometer after exposure. A Brucker ALPHA FTIR spectrometer with a diamond crystal and an ATR attachment was used, averaging 64 scans at a resolution of 4 cm −1 . Five repeated measurements were made per exposure cycle on each sample type, plots are offset for clarity.
Whilst our experimental setup differed from that of the previous study to suit the detection of species in ambient conditions (see experimental section), similar spectral features were observed when exposing a mixed HipCo SWCNT / H-Zeolite-Y sample to 50 ppm NO 2 in either dry or wet air and subsequently obtaining the ATR-FTIR spectra.
53,54 Figure 7a shows the appearance of two bands in the 1300 to 1450 cm −1 region after exposing the mixed sample to 50 ppm NO 2 for 30 minutes. An increase in peak intensity is observed when NO 2 is introduced in humid conditions (50 % RH). These bands have been assigned to nitrate groups in the literature, suggesting the formation of HNO x or NO 3 − species when the zeolite is exposed to NO 2 .
Similar features are observed in the mixed HiPco SWCNT / Silicalite-1 sample ( Figure   7b ). The band at 1387 cm −1 increases in intensity after adsorption of NO 2 and a further increase is found when adsorption takes place in the presence of water. Furthermore, the band centered at 1559 cm −1 in the non-exposed sample disappears after the introduction of NO 2 to the chamber and a new band is formed at 1707 cm −1 , suggesting the formation of new surface species. It has been previously reported that nitric acid treatment increases the conductance of SWCNT networks. 56, 57 Therefore, the formation of such species (especially HNO x molecules) within the sensing layers may be causing the larger responses to NO 2 in humid conditions.
The zeolites within the sensing layer have a limited water adsorption capacity. After 10 cycles of testing for the Silicalite-1 mixed layer type sensors and after 7 cycles for the H-Zeolite-Y mixed layer sensors, water starts to interfere with the sensing responses to 10 ppm NO 2 at 75% relative humidity in the testing chamber. Whilst this adds weight to the hypothesis that cross-sensitivity reduction is due to zeolite water adsorption, it also means that the sensor needs to be regenerated periodically in some way to limit zeolite saturation.
Figures S3a and S3b in the supporting information show an example of regenerating the mixed layer sensors after multiple testing cycles by heating them to 150
• C in air on chip.
After this step, the zeolites once again facilitate a reduction in cross-sensitivity to water and responses to NO 2 in humid conditions at room temperature are recovered.
Surprisingly, the H-Zeolite-Y and Silicalite-1 mixed layer sensors show a significantly larger change in conductance upon exposure to 10 ppm NO 2 in dry air than the control SWCNT sensors (24 %, 34 % and 13.6 % respectively, Figure 6 ). This can be reasoned by considering two contributing factors. Firstly, the conversion of NO 2 to other oxidising products in the vicinity of the tube network may still take place if there is residual water in the zeolite framework, inducing larger responses. Secondly, the proportion of the sensing layer that is accessible to the target gas has previously been shown to impact greatly upon the response observed for nanomaterial based sensors. 11, 23 Therefore, the increase may be partly due to the fact that the SWCNTs are distributed over the highly porous mixed layer, allowing NO 2 gas access to a higher proportion of the SWCNT network, resulting in a higher percentage change in film conductance.
P-type responses to NH 3 were observed using the zeolite mixed layer sensors as detailed in the supporting information. Response magnitudes (∆G < 1 % to 40 ppm NH 3 ) were small and the zeolites were unable to provide adequate water interference reduction in this case.
However, this may be possible when testing for higher concentrations of NH 3 (200 ppm +)
that cause larger changes in the conductance of SWCNT networks.
Zeolite Top Layers
A profound difference in sensing characteristics is observed between devices utilising a top layer or mixed layer of zeolite, which is attributed to contrasting diffusion processes.
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The use of a zeolite layer on top of the sensor introduces a porous barrier to adsorption of NO 2 in the SWCNT network. Thus, a resistive diffusion process seems to limit access of the gas to the functional sensing layer and responses are largely reduced to 10 ppm NO 2 as compared with the SWCNT control and zeolite mixed layer sensors. Interestingly, when 10 ppm of NO 2 is introduced whilst increasing the relative chamber humidity to 75 %, a larger response to NO 2 is observed for the Silicalite-1 top layer sensor.
This difference in sensing response whilst operating in high relative humidities can be attributed to the blocking of NO 2 adsorption sites with water. The wetting of the zeolite framework reduces the layers diffusive resistance, allowing more NO 2 access to the sensing layer. As before, it is also possible that reactions occur in the zeolite layer between NO 2 and adsorbed H 2 O, introducing new products to the film.
Mixed layers of zeolite provide an enhanced response magnitude when compared to top layered sensors. This can again be explained when considering the access of the target molecule to the SWCNT network. In the mixed layer configuration, there is less of a dif-fusive barrier to gas interaction with the SWCNTs. Therefore a higher proportion of the NO 2 gas, as well as subsequent reaction products, interact with the SWCNTs, resulting in a larger electrical response.
Sensing Characteristics
Response time t 90 , defined as the time required for sensor responses to reach 90 % of their maximum value (available in Table S4 in the supporting information), varied depending on the sensor type and analyte under investigation. Generally, responses to H 2 O (75 % RH) were fastest for the SWCNT control sensors (12 seconds) compared with zeoilte modified sensors (200 to 350 seconds depending on zeolite), presumably as SWCNT exposure to water in the zeolite containing samples is hindered by adsorption to the framework. Baseline conductance was re-established after exposure to water within 200 seconds for all sensors, although some drift was evident as shown in Figure S1 in the supporting information, possibly due to retention of water in the film.
When testing to NO 2 in dry air, response times were of the order of 500 seconds other than for the Silicalite-1 mixed layer type sensor for which t 90 = 163 seconds. Interestingly, the H-Zeolite-Y mixed layer sensor response time for NO 2 at 75 % RH was faster (341 seconds) than when testing in dry air. This was not the case for the remaining sensors, for which simultaneous exposure to NO 2 and H 2 O increased response times (see Table S4 , supporting information). Therefore, response times to NO 2 are sensitive to adsorption of water in the zeolite modified sensors. Some baseline drift was evident after exposure to NO 2 (shown in Figure S2 in the supporting information), with stability of responses indicated by the error bars on Figure 6 .
Conclusion
Zeolite layers have been shown to modify the sensing characteristics of functionalised SWCNTs. The room temperature sensor behaviour, when exposed to NO 2 in both dry and humid conditions, was found to depend on the arrangement of the layers in the device, the loading and hydrophilicity of the chosen zeolite.
The zeolite mixed layer configuration was found to limit cross sensitivity to water vapour, with sensors maintaining an increase in conduction upon exposure to NO 2 in both dry and humid conditions. Furthermore, the difference in response when testing to NO 2 in dry and wet air (S DryAir -S RH 75% ) was 6.9 % for the SWCNT Silicalite-1 mixed layer sensor type, compared to 32.1 % for the SWCNT control sensors. This desirable reduction of water vapour interference is attributed to the preferential adsorption of H 2 O to the zeolite framework rather than to the SWCNTs.
ATR-FTIR measurements indicate the formation of NO 3 − and HNO 3 species in the mixed layer material after exposure to NO 2 , which in turn depends on the amount of water present in the zeolite framework. It is suggested that differences in the responses between SWCNT H-Zeolite-Y and SWCNT Silicalite-1 mixed layer sensors are therefore due to their different respective hydrophilicities.
Zeolite top layers were found to inhibit the diffusion of NO 2 to the active SWCNT sensing layer. Thus, the change in conductance observed whilst testing in dry air was relativity low at 2.1 %, with a moderate increase in humid conditions to 5.0 %. A reduced layer thickness (< 10 µm) may be required to allow diffusion of the target gas to the SWCNTs in the zeolite top layer sensor arrangement.
These promising results suggest that a mixed sensing layer of SWCNTs and zeolite reduces the cross sensitivity of functionalised SWCNT sensors to water vapour. This is favourable for real world monitoring of NO 2 at room temperature with SWCNT based devices.
